Introduction
In recent years, human activities such as nitrogen, N, fertilizer application, rapid development of animal husbandry and combustion of fossil fuels have led to be doubled and redoubled of global atmospheric nitrogenous compounds, leading to an increase in atmospheric N deposition [1] . Excessive N deposition can increase environmental pressure, such as increasing carbon, C, deposition, exacerbating soil acidification, leading to water eutrophication, and reducing soil microbial diversity [2] [3] [4] . Soil microbes are a key part of soil ecosystems and their community structure as an indicator of environmental change is gradually drawing people's attention [5] [6] [7] . At present, soil environment change caused by N deposition has gradually become the emphasis of scholars in various fields. From them, the most commonly used research method is the simulated N deposition test of adding exogenous N. However, the conclusions of different research areas, research objects and research time are different [8] [9] [10] [11] [12] [13] . There is great uncer tainty about the effects of N deposition on soil microbial community structure [14, 15] . In addition, and the effects of different seasons and N deposition levels on soil microbial community composition and structural diversity of Pinus massoniana forest have not been reported.
Widely distributed Pinus massoniana soil in the mid-subtropical regions of China was selected as the research object in this study. In four seasons (spring, summer, autumn, and winter), simulated N deposition test of artificially adding exogenous N was carried out. The effects of different N deposition levels on soil microbial community and related environmental factors in Pinus massoniana forest soil were explored and the dynamic characteristics of soil microbial community in Pinus massoniana soil were studied to provide a reference for studying the effects of N deposition on the mid-subtropical forest ecosystem.
Methodology

Research area overview
In this study, Jinyun Mountain Nature Reserve, the typical representative area of the mid-subtropical mountainous regions with the wide distribution of Pinus massoniana, was selected as the research area. Jinyun Mountain Nature Reserve is located in Beibei District of Chongqing (106° 22' E, 29° 49' N), with an altitude of 350-951.5 m and a typical mid-subtropical warm and humid monsoon climate. It is mainly acid yellow soil (pH 4.0-4.5) and most are sticky or sandy. The forest coverage rate in the region is 96.6%. There are a wide range of warm coniferous forests and mixed broadleaf-conifer forests. From them, the coniferous species are mainly Pinus massoniana and Chinese fir, especially with the widest distribution of Pinus massoniana.
The basic features of three standard plots in Pinus massoniana forest soil are shown in tab. 1. Note: D stands for ground diameter (the trunk diameter measured at a height of 30 cm from the ground); the ⌀ stands for diameter at breast height (the trunk diameter measured at a height of 1.3 m from the rhizome)
The dominant plants in subtropical forests are shown in tab. 2.
In May 2014, we adopted the five point method in each fixed plots, and taked soil sample using a 10 cm diameter earth drill. The sampling depth is 20 cm and removed plant and animal residues in Pinus massoniana forest soil. After bringing back to the laboratory for sift, we mixed the soil on plastic film and taked about 1 kg soil by quartering for analysis of the physiochemical properties of soil. The average physical chemical properties of original soil in three plots of Pinus massoniana forest are shown in the following tab. 3. One week after the N deposition treatment, soil samples (spring, summer, autumn, and winter) at the depth of 0-20 cm in PVC pipes were collected and mixed three soil samples with the same N deposition treatment on the same standard plot, respectively. Soil samples were brought back to the laboratory on the same day. Animal and plant residues were removed and then the samples were screened with a 2 mm sieve. The samples were stored in a preservation tank at 4 °C for the determination of phospholipid fatty acid (PLFA). The modified Bligh-Dyer method was used in PLFA [16] . Two soil temperature resistance thermometers and two soil moisture SM300 sensors equipped with the ACE automated soil CO 2 exchange system were used to measure the temperature and water content of the soil at a depth of 10 cm.
Test designs
Data processing and statistical analyses
The SPSS 18.0, ORIGIN 9.2, MICROSOF EXCEL 2007, MICROSOFT VISIO 2010, and other software were used for statistical analyses. The least significant difference method was used to compare the differences between the data sets under different N deposition treatment. A linear model was used to describe compound relation between the total PLFA and soil water content, and between total PLFA and soil temperature and water content.
Results and analyses
Effects of N deposition treatment in different seasons on PLFA of soil microbes
The effects of N deposition on soil microbes in Pinus massoniana forest were significant (P < 0.05), and the effects of different seasons were different, tab. 4. The results of simulat- ed N deposition in spring showed that bacteria, fungi and total PLFA presented a linear decline trend while actinomycetes presented a trend of increasing first and then decreasing with the increase of N concentration. It indicated that the content of soil bacteria, fungi, actinomycetes and total PLFA was decreased with the N deposition treatment in spring. After the N treatment in summer, the content of bacteria, fungi, actinomycetes and total PLFA was firstly increased and then decreased. It showed that the content of soil bacteria, fungi and total PLFA was increased with the N treatment. The content of actinomycetes was increased with the low N treatment but it was decreased with the medium and high N treatment. N deposition in summer increased the content of soil microbes on overall. In autumn, the content of fungi and actinomycetes was increased first and then decreased after N deposition. The content of soil fungi and bacteria was increased but the content of bacteria and total PLFA was decreased with low N treatment. The content of actinomycetes was increased but the content of fungi, bacteria, and total PLFA was decreased. The content of fungi, bacteria, actinomycetes, and total PLFA was all decreased with high N treatment. In winter, the content of bacteria, fungi actinomycetes, and total PLFA was all increased firstly and then decreased. In addition, the maximum value was in the medium N group. The minimum value of bacteria, actinomycetes and total PLFA was in the high N group. However, the group with the minimum value of fungi was the control group. It showed that the content of soil microbes was increased with the low and medium N treatment in winter, while it was decreased with the high N treatment.
Effects of N deposition treatment in different seasons on soil microbial community
The effects of seasonal changes on microbial richness, diversity and evenness were different, tab. 5. The richness index, S, was changed with the seasonal changes of spring > summer > autumn > winter. The Shannon-Wiener diversity index, H', was changed with the seasonal changes of spring > autumn > summer > winter, Pielou evenness index, J, showed the seasonal change trend of autumn > spring > winter > summer. It indicated that soil microbial community diversity was significantly changed with seasonal changes. The richness index and diversity index were the highest in spring. The evenness index was the highest in autumn. In addition, the effects of the N deposition level on soil microbial community structure were significant (P < 0.05). In spring, soil microbial richness index and diversity index were increased but the evenness index of microbial distribution was decreased with the low and medium N deposition, while the richness index, diversity index and evenness index were all decreased with the high N deposition treatment. In summer, the soil microbial diversity index and richness index were increased but the richness index was decreased with the low and medium N deposition treatment. Microbial evenness index was increased but the richness index and diversity index were decreased with the high N deposition treatment. In autumn, microbial richness index and diversity index were increased with the low and medium treatment. Evenness index was increased with the medium N deposition treatment but was decreased with the low N deposition treatment. Microbial richness index, diversity index and evenness index were all decreased with the high N deposition treatment. In winter, the soil microbial richness index, diversity index and evenness index were all increased with high, medium and high N deposition treatment.
Characteristics of soil temperature and water content in different treatments with seasonal changes
The soil temperature and water content under different treatments showed significant seasonal variation rules, tab. 6. The temperature in summer was the highest, followed by autumn and spring, and the lowest in winter. The soil water content presented the change trend of spring > summer > winter > autumn. The effects of fertilization treatment on soil temperature and soil water content were significant. However, the effects were in small scale. 
Relationship between the PLFA of soil microbes and soil temperature and water content
It showed that the total PLFA of soil microbes and soil temperature with various treatments presented extremely significant axial symmetry relationship (P < 0.05), and the fitting relationship between soil temperature and soil microbes was decreased with N deposition, tab. 7. With the increase of soil temperature, the PLFA of soil microbes was increased firstly and then decreased after reaching the maximum value. From the curve trend, it showed that the optimal microbial growth temperatures of N 0 , N 20 , N 40 , and N 60 were 20.72 °C, 21.55 °C, 20.68 °C, and 21.38 °C, respectively. During the experimental period, there was no significant linear relationship between the soil microbial biomass and the corresponding soil water content in the control group. However, with the increase of N deposition, the soil microbial biomass and soil water content reached extremely significant levels and the fitting degrees of N 20 , N 40 , and N 60 were 0.555, 0.881, and 0.837, respectively. The compound relation between soil microbes and soil temperature and water content in the control group was not in a significant level. With the increase of N deposition, fitting degrees between the total PLFA of soil microbes and soil temperature and water content in N 20 , N 40 , and N 60 were 0.457, 0.950, and 0.997, respectively. Fitting degrees between the equation of total PLFA of soil microbes and soil water content and the equation of total PLFA, temperature and water content compound equation were increased with N deposition. It showed that soil microbes were affected by soil temperature and soil water content under the certain N concentration. In addition, with the increase of N concentration, the effects of temperature and water content would be more significant.
Conclusions
In this test, soil microbial biomass in Pinus massoniana forest was slightly increased with the low, medium and high N in winter and low and medium N deposition in winter. Soil microbial biomass was slightly decreased with the low, medium, and high N deposition in spring, low, medium and high N deposition in autumn, and high N deposition in winter. The results of this study are consistent with the results of some studies in China. However, some of the results are inconsistent, [8] [9] [10] [11] [12] [13] 17] . It fully shows that the effects of nitrogen deposition are related to soil texture, vegetation type, temperature, precipitation and topography.
There is an obvious seasonal variation in soil microbes. The secondary relationship between soil microbes with soil temperature is extremely significant (P < 0.05) but the relation- ship between soil microbes with soil water content is not significant. However, the correlation between soil microbes and soil temperature were decreased with N deposition and the correlation between soil microbes and soil water content were increased. It suggests that the effects of soil water content on soil microbes are more significant in areas with severe N deposition.
The evenness index, richness index and diversity index of Pinus massoniana forest were decreased with high N treatment in four seasons (spring, summer, autumn, winter), while the evenness index increased only during high N treatment in summer. The effects of low and medium N deposition treatment on soil microbial diversity index varied in different seasons. In general, soil microbial diversity was decreased with low and medium N deposition in spring and winter, and increased in summer and autumn. However, soil microbial diversity was decreased with the high N treatment in four seasons. It indicates that high N inhibits the growth of most microbial populations.
